The use of remote sensing satellite in conjunction with models and meteorological data enable the mapping of biophysical properties of agroecosystems with satisfactory accuracy. The main goal of this research was to determine the spatial-temporal agro-ecological indicators of water productivity in watersheds with different types of land use and occupation, using Landsat 8 images, agro-meteorological stations and application of Monteith and SAFER (Simple Algorithm for Retrieving Evapotranspiration) models to estimate the production biomass (BIO) and the actual evapotranspiration (ET), respectively. Incident global solar radiation (RS ↓) is observed seasonality of radiation during the year. Higher RS ↓levels happen during the first and the last four months, when the Sun is around its zenith positions in the study region. During the natural dry period in the region, the RS ↓ is lower because winter solstice time for the Southern Hemisphere, this condition it is verified the reducing in the values of ET and BIO. Average values of biophysical properties for the study period were 0.54, 0.16 and 301 K for Normalized Difference Vegetation Index, albedo and surface temperature, respectively. The highest value of BIO was 105 kg ha 
INTRODUCTION
Population growth and climate change are likely to impact upon food and water availability over the coming decades.
1 Human activities such as urbanization and agriculture can modify the earth's surface, altering the pattern of land use and land cover and interfering with various environmental factors.
Crop production systems are dependent on inputs and environmental services such as water, soil and climate. These activities could result, locally and regionally significant changes in the evapotranspiration, the water balance, the quantity and quality of surface and groundwater when managed improperly.
The weather is a major factor affecting agricultural production in the country and irrigated agriculture is dependent on agro-meteorological information to perform an efficient management and to provide the required amount of water to replace the hydric deficit of agricultural crops.
Irrigation in Brazil is mainly user of surface water being his primary feedstock to meet the water requirement of plants and obtaining productivity. Irrigated agriculture in Brazil uses surface water, and its primary feedstock to meet the water demand of plants and therefore should adopt research on efficient water use in crop production, with the development and application of tools for analysis and planning of water use.
Center pivot irrigation system is a technology used in agriculture and when they occur the increase in installed equipment numbers and its dimensions can occur an increase in water consumption of water resources. Therefore, one should adopt research efficient use of water in agricultural production, with the developing and applying tools for spatial and temporal analysis of environmental resources and the generation of data to assist in the management of water resources.
Remote sensing satellite has become an environmental analysis tool and its applications together with energy balance models associated with agro-meteorological information enables the mapping of biophysical parameters of the Earth's surface with satisfactory accuracy.
Applications of these models provide information about the estimates of the surface energy balance flows and analysis of water consumption of agro-ecosystems, especially irrigated crops and natural vegetation.
2-6
Large-scale water productivity parameters obtained satellite is an important tool to support the planning of agricultural policies and decision-making about natural resources uses. 7 The water applied in plants provides increase in biomass of production (BIO) and evapotranspiration (ET).
3, 4, 7 These agroecological indicative to assess the water of productivity in agricultural and environmental systems.
BIO is related to the Photosynthetically Active Radiation (PAR), which is part of the solar radiation shortwave absorbed by chlorophyll in photosynthesis and energy PAR uses only 40% to 50% of the total energy of solar radiation. PAR is thus a fraction of the incoming solar radiation (RS ↓). PAR refers to the visible part of the solar spectrum between 0.4 and 0.7 µm, where chlorophyll absorbs solar radiation.
The quantification of large-scale BIO allows comparisons between crops different, promoting spatial and temporal information and your estimate is based on the (RS ↓). The model was developed by Monteith 8 and is based on the light-use efficiency concept (LUE), this technique associated with the parameters obtained by orbital data are acceptable.
2, 7-9 LUE is defined as the capacity of the vegetation to use gross primary productivity per unit of Absorbed Photosynthetically Active Radiation (APAR) that is limited by temperature and water scarcity.
10, 11 The model was applied in the Brazilian semi-arid region, in the basin of the São Francisco River and achieved satisfactory results in the study.
2, 7
Water productivity (WP) may be defined as the ratio of the net benefits from crop, forestry, fishery, livestock and mixed agricultural systems to the amount of water required to produce those benefits. 7, 12 According to authors considering the vegetation, WP may be the BIO by the water consumed by the vegetated surface, including water originated precipitation, irrigation, flow and variations soil moisture.
Water productivity is dependent on evapotranspiration and its quantification is determined by the algorithm SAFER (Simple Algorithm for Retrieving Evapotranspiration) allows to estimate ET by Penman Monteith equation in conjunction with data biophysical parameters generated by remote sensing using.
5, 6
For tropical Brazilian condition, developed and validated two algorithms with different data field hydrological conditions involving natural vegetation and agricultural ecosystems with different types of cultures to determine the ET-based Penman-Monteith.
5
The first model uses meteorological measurements and estimates of the net radiation (R n ), the heat flow in the ground (G) and the aerodynamic resistance (R a ) and surface area (RS ↓) to the water vapor flux associated with data obtained by remote sensing. The second is based on surface albedo data (α b ), surface temperature (T 0 ) and NDVI (Normalized Difference Vegetation Index). For both it used evapotranspiration data reference (ET) calculated with data from meteorological stations to determine the instantaneous values of the ratio ET/ET 0 in conjunction with satellite data. 5 The second model came to be known as SAFER (Simple Algorithm For Retrieving Evapotranspiration) and has the advantage of not using classification information crop nor extreme dry conditions. 6, 7 SAFER is an ET monitoring system using remote sensing, has the advantage of simplicity of application, the absence of the need of neither crop classification nor extreme conditions. 6 The SAFER algorithm has the additional advantage of the possibility for using daily weather data from either conventional or automatic agrometeorological station. 13 A description of SAFER and an application for monitoring large-scale evapotranspiration were reported by Teixeira et al..
5, 13
The objective of this study is to determine the spatial-temporal agro-ecological indicators of water productivity in watersheds with different types of land use and occupation, using Landsat 8 images, weather stations and application of Monteith and SAFER models to estimate the BIO and the ET, respectively. In this connection, the concepts of water productivity are useful for efficient planning and decision-making at farmer level, for integrating information from many sources, and for generating new information. Agro-ecological indicators are going support in the management of water resources in Northweastern of São Paulo State. Figure 1 shows the locations of municipalities in the Northweastern of São Paulo State, together with the weather station stations used for interpolation processes inside study area. Interpolation method was moving surface, which requires a point meteorological map as input and returns a raster map as output. The meteorological variables are interpolated into daily maps at 30-m resolution by the moving surface method. After, the raster map will be included in the modeling of water productivity. Weather data processing comprises daily data, including average air temperature (T a ), reference evapotranspiration (ET 0 ) based on the Penman-Monteith equation, 14 RS ↓ is measured by pyranometer and accumulated precipitation (P ), are collected from the UNESP.
MATERIAL AND METHODS

The study area and data acquisition
15
Weather data were analyzed together with the image data during the study period, with the purpose of influence of climatic conditions. In the Bonança meteorological station (Figure 1 ), the average annual air temperature is 24.2
• C. Average annual daily temperatures range from 14.7
• C to 36.7
• C. Mean annual precipitation is about 1.208 mm and accumulated reference evapotranspiration is 1.413 mm. Although, the regional climate is classified as savanna -Cwa, 16 there exists difference in precipitation pattern. Highest accumulated rainfall occurs in summer (December, January, and February) and reduction in winter period (June, July and August). In the water balance study area from 2000 to 2010 was an average annual rainfall of 1,354 mm and the average annual evaporation of 1,506 mm. Characterized by presenting seven months with water deficit (April to October) with the annual total of 442 mm and 296 mm of excess water in January, February and March. 
Remote sensed parameters
The spectral radiances (L λ ) (W m −2 sr −1 m −1 ), were computed from Digital Number (DN):
where Gain and Offset refer to the values given in the metadata file.
18
The planetary albedo for each Landsat 8 satellite band (α pb ) was calculated as:
where L λ is the spectral radiance for the images spectral bands (W m 
19
For each band was obtained Ra b , expressed from the Plancks Law. The weights of each band to calculate the integral of the spectral radiation in the wavelength interval and considering its fraction over the solar spectrum, assuming the sun as a blackbody. Then, the broadband planetary albedo (α a ) was calculated as the total sum of the different narrow-band α pb values according to the weights for each band (w b ).
where the w b values were computed as the ratio of the amount of the incoming shortwave radiation from the sun at the top of the atmosphere in a particular band and the sum for all the bands. 
where a and b are regression coefficients. 5 For this study adopted value 1.0 for the a and -0.008 for the b coefficients of the Equation 4.
19 The ET 0 was obtained in an automatic station and added in Equation 4. NDVI = (αN IR αRED) / (αN IR + αRED) and αN IR and αRED are the near-infrared and infrared band reflectivity, respectively.
Net Radiation
The daily (24-hour) values of (R n ) were determined according to Equation 5:
where RS ↓ is solar radiation in MJ m −2 d −1 , obtained in the weather station; a is the regression coefficient of the relationship between net long wave radiation and atmospheric transmissivity (τ sw ) at the daily scale, according to the following Equation 6: 
Photosynthetically Active Radiation -PAR
It's the part of the short wave solar radiation (0.3 to 3.0 µm) that supports photosynthesis in green plants and varies between 0.45 and 0.5 of the solar radiation. 21 The daily values of RS ↓ for each DOY were used to estimate the values of PAR (W m −2 ) for the same time scale (24 hours). PAR is calculated following the formulation:
were a=0.44 is the constant of the regression equation found under the Brazilian semiarid conditions that reflects the portion of RS ↓ that can be used by leaf chlorophyll for photosynthesis. 
Production biomass -BIO
BIO is computed as:
where E f (evaporative fraction) is the ratio of the latent heat flux (λE) to R n . E f is strongly linked to the vegetation water status [5] , being λE acquired by transforming ET into energy units; ε max E f is the maximum light use efficiency, which was considered 2.5 g MJ −1 for the majority of c4 species in the studied area; and 0.864 is a unit conversion factor.
2, 19
Water productivity -WP
For water productivity (WP) analysis, involving the watershed, the following equation was used:
where BIO was obtained from the Equation 9 and ET was acquired in Equation 3. RESULTS AND DISCUSSION
Agrometeorological parameters
As the agro-meteorological parameters main factors drive for water flux and vegetation development are solar radiation and precipitation. 7 The monthly analysis of the solar radiation and precipitation is presented in Figure  3 , during the study reference year of 2013 and 2014. RS ↓ is observed seasonality of radiation during the year. Higher RS ↓ levels happen during the first and the last four months (Sep, Oct, Nov and Dec), when the Sun is around its zenith positions in the study region. During the naturally dry period in the region, the RS ↓ is lower because winter solstice time for the South hemisphere, this condition it is verified the reducing in the values of ET and BIO. On the other hand, during the rainy period there high values of BIO and ET. Other studies cited, α 0 also depends on moisture conditions. 6, 13, [23] [24] [25] In irrigated area, as the vegetation canopy fraction decreases, surface albedo gradually increases. The albedo values of vegetation cover areas significantly less than the non-coverage areas, the smallest is lakes.
Biophysical parameters
There was more precipitation in January, February and April, and precipitation significantly reduced the surface albedo (Figure 3 and 7) . On the other hand, increase in the α 0 values with decreasing precipitation. Figure 9 shows the image illustrating the temporal-spatial variations of the ET derived by the SAFER procedures. The highest ET occurred in water-bodies and vegetated areas. The lowest ET value appeared in termo-hydrological unfavourable conditions throughout the year. It appears that the SAFER was able to capture the combined effects of meteorology, soil, and vegetation on spatial-temporal patterns of ET distribution. The daily ET shows the significant spatial variations, ranging from less than 0.52 mm in developed areas to 6.00 mm in water-bodies suck a lake or river, with the daily mean ET of 1,18 mm for the whole study area (from 2013 to 2014). The areas with higher mean daily ET are lakes and vegetated areas and the mean ET in these areas ranges from 1.7 to 2.5 mm d −1 . Figure 9 . Spatio-temporal distribution of the value of the ET for the watersheds during the years from 2013 to 2014, for every day of the year (DOY), average ET and SD value. and an average of 43.6 (SD:± 64.2). In the semi-arid region of Brazil, lower values for BIO have been found between the months of July and September, and high values occurred in the rainy season which span from the period of February to April.
Temporal-spatial Variability Analysis of ET by SAFER
Spatial and Temporal Distribution of Biomass
7
In the Northweastern São Paulo State, the image of March (2004/80) showed high value of BIO due to the rainy season in the region. In the dry season there is a reduction in the value of BIO in watershed, the values of BIO are high in irrigated areas due to the daily irrigation center pivots. 26 The 
CONCLUSIONS
The main results of this work have demonstrated that the satellite-based agro-meteorological station was able to appropriately estimate the productivity water.
Studies have shown that the albedo is sensitive to the distribution of precipitation pattern in typical agroecosystem in study area.
Combination remote sensing parameters from Landsat 8 satellite images and weather data from agrometeorological stations allowed the water productivity assessment in watersheds along the years of 2013 to 2014.
SAFER model was efficient for the study and to identification of the termo-hydrological conditions of the imagens evaluated in the dry and rainy seasons. The SAFER model used in this study were applied reasonably quickly because of their extensive validations during many other studies and the availability of existing datasets.
WP values were higher in the irrigated, mainly in the crop production and reduction during the fallow period, represent by pixel reddish.
